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ABSTRACT 
East Asia has a remarkable record of high and sustained economic growth. From 
1965 to 1990 the twenty-three economies of East Asia grew faster than all other regions 
of the world (World Bank 1993). Most of this achievement is attributable to seemingly 
miraculous growth in just eight economies: Japan; the "Four Tigers"--Hong Kong, the 
Republic of Korea, Singapore, and Taiwan; and the three newly industrializing economies 
(NIEs) of Southeast Asia--Indonesia, Malaysia, and Thailand. The success of these eight 
high performing Asian economies (HP AEs) in achieving rapid and equitable growth 
broadens our understanding of the range of policies that are consistent with rapid 
development. East Asia's experience has influenced many nations to rethink how they 
ought to go about achieving economic development. The purpose of this study is to 
examine how some factors which lead to East Asia's success may have affected the 
economic growth in China and if so their magnitude. 
This study begins with the hypothesis that domestic investment, human capital, 
government expenditures on infrastructure, net exports and the free market system will 
have a significant positive impact on China's economic growth, while population growth 
will have a negative impact on China's economic growth. The method applied to this 
research introduces two dummy variables to capture the effect of a free market system on 
economic growth and that of birth control policy on population growth. The overall 
findings do indeed suggest that domestic investment, government expenditure and net 
exports have a positive impact on China's economic growth. However, the presence of 
multicollinearity raises some doubt concerning the reliability of the estimates. Also, a 
better indicator may be used in place of the primary graduates as a percentage of the total 
population as a proxy for education attainment, since, theoretically, education should 
maintain a strong and significant relationship with economic growth. The unusual results 
may very well be due to the unreliability and unstable nature of the data on the primary 
school graduates as a percentage of the total population. In the future, availability of more 
consistent and reliable data on each variable may be helpful in testing the models 
developed in this project. 
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CHAPTER 1 
Introduction 
The rise of East Asia to a position of wealth and power is one of the major forces 
shaping the international economic and political system in the latter half of the twentieth 
century. Outsiders have pondered the success of East Asia -- what some call a "miracle" 
with wonder and admiration. Never before have countries expanded so fast for so long. 
From 1965 to 1990, the region's 23 economies grew faster than those of all other regions, 
and income inequality declined, sometimes dramatically (World Bank, 1993). Much of 
this achievement can be attributed to the stellar growth performance of eight economies: 
Japan and "four tigers" -- Hong Kong, the Republic of Korea, Singapore, and Taiwan; 
and the three newly industrializing economies (NIEs) of Southeast Asia -- Indonesia, 
Malaysia, and Thailand. The eight high performing Asian economies (HP AEs) are unique 
in that they combine the rapid, sustained growth with highly equal income distributions, 
strong and dynamic agricultural sectors, and unusually rapid export growth. The HP AEs 
also differ from other developing economies in three factors that economists have 
traditionally associated with economic growth. High rates of investment, exceeding 20 
percent of GNP on average between 1960 and 1990, including in particular unusually 
high rates of private investment, combined with high and rising endowments of human 
capital due to universal primary and secondary education, tell a large part of the growth 
story. 
The success of the HP AEs broadens our understanding of the range of policies 
that are consistent with rapid development. It also teaches us that willingness to 
experiment and to adapt policies to changing circumstances is a key element in economic 
success. East Asia's experience has influenced many nations to rethink how they ought to 
go about achieving economic development. As other developing countries debate whether 
they can emulate East Asia's success, what can its neighbor China learn from it? Do the 
factors which lead to East Asia's successful economies also have a significant effect on 
China's economic growth? If they do, what is their magnitude? Finding out the answers 
to these questions is the purpose of this study. 
The research will be proceeded with an introduction, literature review, hypothesis, 
regression analysis of the collected data, report of the findings and suggestion for future 
study. The structure of this study is as follows. The introduction including the definition 
of the problem I want to tackle is discussed in Chapter 1. Chapter 2 is a review of the 
literature concerning the variables which affect the economic development in both East 
Asia and China. The hypothesis of this study is also discussed in this chapter. Chapter 3 
presents definition of variables, model specification and methodology of the current 
research, describing the various statistical equations which are used to provide the answer 
to my question. For each equation introduced, the dependent and independent variables 
are specified, their theoretical relationships are discussed, and the sources and reliability 
of the data are given. The analysis of the regression results and the effects of each 
variable are described in Chapter 4, including the evaluation of the overall model, 
goodness of fit of the model to the data, significance of each independent variable and 
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interpretation of each regression coefficient estimate. The regression results of first 
computer runs in tabular form are presented. The final chapter is a summary of results and 
gives concluding remarks as well as suggestions for future research. 
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CHAPTER2 
2.1. Review of the Literature 
In this chapter, I will first give an overview of economic development path of 
China, then the presentation of further implications of economic growth as identified in 
economic literature. This is followed by the discussion of which population growth is as 
ingredient of economic development. The chapter concludes with a statement of the 
hypothesis of this study. 
To date a large number of studies have been undertaken concerning the success 
story of East Asian economies and China's economic growth. These studies represent a 
wide variety of opinions. Most of the works hold a positive view that East Asia's success 
can be world-wide promoted. It is possible for China to learn something worthwhile from 
it. Before going further, a brief introduction of the Chinese economy is necessary. 
Like other East Asian countries, China in 1949 had a Confucian heritage that 
emphasized education and provided the nation with many people who were literate and 
with a small but significant highly educated elite. Pre-modem urban and commercial 
development brought relevant experience to tens of millions of Chinese citizens. 
However, China, from the beginning of the People's Republic in 1949 until the death of 
Mao Zedong in 1976, followed a different path from its East Asian neighbors. While East 
Asia's technical and financial assistance came from the United States, the Chinese 
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leadership had been firmly committed to the Soviet practice of using centralized plan, 
rather than the operation of a free market, to coordinate the economy. Since 1977, China 
has followed an open economic policy with an emphasis on the export of manufactures. 
Political leadership has been stable since 1979 and economic policy overall has been 
characterized by a spirit of pragmatic experimentation designed to achieve rapid growth. 
The main difference between China and its East Asian neighbors is its size and the fact 
that industry is still largely run according to the rules of Soviet-style central planning. 
The main questions about the future have to do with whether China will move away from 
central planning toward more liberal economic policy, and whether the political 
leadership will continue to provide support for such a move. If it can come up with an 
urban economic system that operates efficiently, and if the international system 
accommodates expanding Chinese exports, there is every reason to believe that China can 
achieve growth rates approaching those elsewhere in East Asia (Dwight H. Perkins, 
1986). 
The reform of agricultural policy, industrial management, and the planning system 
that has been undertaken since 1978 and the "open economy" policy that seeks to attract 
foreign trade and technology are the two major aspects of the reform of the Chinese 
economy. With a population 2.6 times the combined population of all eight economies 
and a land area nearly three times as big, the Chinese mainland is Asia's second biggest 
economy, after Japan, in terms of total GNP. Indeed, East Asia could hardly be termed an 
economic miracle if China were not also growing extremely rapidly. There are striking 
parallels in the general pattern of growth in China and the HP AEs. 
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Building on pre-reform achievements in education, health, and macroeconomic 
stability, China recorded average annual GNP growth of 9.4 percent from 1979 to 1989, 
with a surge to 11.4 percent from 1982 to 1988. Following a brief retrenchment that 
trimmed growth to 4.4 percent in 1989 and 4.1 percent in 1990 due to the crackdown of 
Tiananmen Square on June 4th, 1989, the economy has resumed very rapid growth, 
reaching a breakneck 12 percent in 1992. Aside from the HPAEs (and diamond-rich 
Botswana), no other economy in the world achieved such rapid and sustained growth 
during the 1980s (World Bank, 1993 ). As with most of the HP AEs, rapid growth in China 
relied on a solid agricultural foundation and a government-fostered export push. Reforms 
giving farmers greater control over the land they tilled, together with a 25 percent real 
increase in crop prices, boosted agricultural productivity, generating large cash savings 
that farmers invested in township and village enterprises. China's export push has 
included currency devaluation and such export incentives as tax breaks, foreign exchange 
retention privileges, and duty-free imports, all utilized by the HPAEs. Finally, like most 
of the economies of East Asia, China has achieved very rapid productivity growth. These 
productivity gains contrast sharply with the pre-reform period, when productivity was 
nearly stagnant and growth resulted entirely from increasing inputs. Not surprisingly, 
growth and productivity are highest in the export-oriented southern provinces that have 
attracted heavy investment flows from Hong Kong and Taiwan. According to the World 
Bank Report (1993), "no assessment of economic growth in East Asia would be complete 
without consideration of China's performance". However, despite of its fast growth, 
China is still indicated in the official statistics as one of the poorest countries in terms of 
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per-capita income. If China's efforts to become an industrialized nation succeed, then 1.2 
billion more people will live in newly industrialized countries. In the course of four or 
five short decades, we will have moved from a world where the great majority, three 
quarters of the total, lived in poverty, mainly rural poverty, to a world where half of the 
people live in relatively prosperous, predominantly urban societies. Furthermore, since 
East Asian nations, each in a different way, managed to eliminate the more extreme forms 
of income inequality, growth has benefited or will benefit the great majority of the 
people, not just a select few. 
Having presented a brief overview of the path of economic development of the 
People's Republic of China, I now turn to the discussion of the various features 
influencing economic growth as identified in the economic literature. These factors are 
economic ideology, strategies and policy formulated and implemented in the course of 
economic development, importation and application of advanced technology, export 
promotion, investment in infrastructure, urbanization, investment in both physical and 
human capital, and transition to a free market system. 
In his paper, Lawrence B. Krause (1987) argued that several factors can help to 
explain the East Asia region's relative economic success. One consideration relates to 
economic ideology. All of the governments and their societies have been prepared to take 
a market-oriented approach to their economic development consistent with classical 
economic principles. While permitting foreign economic influences to enter their 
countries, the host countries still maintain control. Promoting growth often meant 
accepting market signals. The entire region is aware of the importance of international 
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trade to continued prosperity and is greatly concerned by the specter of protectionism. 
Protectionism has been rising and if this trend is continued for much longer, it could 
undermine economic prosperity. The best way to prevent protectionism is actively to 
promote a more liberal and open trade system. Thus the countries in the region support a 
new round of the GATT negotiations and view GA TT as the best hope for achieving 
more open markets. 
Gu Yuanyang (Economic Relations in the Asian-Pacific Region, Edited by Bruce 
Dickson & Harry Harding, 1987) asserted in his article that the main reason responsible 
for the sustained medium-to-high economic growth rate of East and Southeast Asia lies in 
the strategies and policies they have formulated and implemented in the course of their 
economic development. Drawing on the experience of the Western countries after 
W.W.11, they have stressed investment in human resources and gradually attained 
superiority in this aspect. Combining this superiority with Western capital and 
technology, they have developed export-oriented processing industries with imported 
materials, turned out semifinished products, and assembled spare parts, generally by 
imitating and creating quality products. Thus these countries and areas, though 
latecomers, have surpassed the old-timers in the international market. 
Wang Zengzhuang's paper (Economic Relations in the Asian-Pacific Region, 
Edited by Bruce Dickson & Harry Harding, 1987) argues that: one of the most important 
contributing factors of Asian-Pacific region's success is the importation and application 
of advanced technology. By absorbing foreign capital and technology, the developing 
Asian-Pacific countries and areas have acquired much-wanted production techniques and 
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managerial skills at a relatively low cost, whereas they themselves have the necessary 
capabilities for absorbing and applying such techniques and skills, thus attaining quick 
economic growth. 
Steve Chan discusses in his book, titled "East Asian Dynamism" (1990), that the 
economic successes of the capitalist East Asian countries is explained in terms of their 
choice of export expansion, an outward-looking strategy that emphasizes foreign trade as 
a way of promoting domestic economic growth. Conversely, the less growing economic 
performances of countries such as Brazil, Mexico, India, and the People's Republic of 
China have been attributed to their supposed reliance on a strategy of import substitution. 
In his book Sea Change (1994), James C. Abegglen also discusses that export 
promotion is one of the keys to the growth in the East Asian region: 
"It has been remarked often, and accurately enough, that 
one of the reasons for the economic success of East Asia 
has been the emphasis on export promotion in managing 
these economies, rather than import substitution. Led by the 
Taiwanese and Korean examples in particular, however, 
and those economies' great successes, the region as a whole 
has opened itself to trade to a considerable degree and has 
sought growth through export promotion rather than 
through protectionism and import substitution. Trade has 
been a critical part of the performance of these economies. 
Exports were seen as the route to success, and this helped 
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determine their openness to foreign investment, viewed as 
another support to trade growth. The performance has been 
spectacular, just as total growth has been. East Asia now 
accounts for one-quarter of world trade. While world trade 
in 1991 grew only 3 percent, East Asia's major trading 
economies increased their exports by 13 percent and 
imports by 17 percent." 1 
The expansion of exports stimulates technological change and opens up new 
markets, which foster the economic growth. During the past two decades, many empirical 
studies such as those of Balassa (1978, 1985), Emery (1967), Fajana (1970), Feder 
(1983), and others have found that exports promote economic growth. In all of these 
studies, a real output growth variable is regressed on either export levels, export shares or 
export growth by using a single-equation model. The statistical significance of the 
positive coefficient for the export variables has been interpreted as evidence supporting 
the export-led growth hypothesis. While the link between international trade and 
economic growth is widely accepted, the precise nature of the relationship is 
controversial. Early writing on trade policy and growth stressed the benefits of neutral 
incentives between production for the domestic market and production for export. With 
neutral incentives, it was argued, resources would flow to sectors in which the economy 
was most internationally competitive (Corden 1971), and gains in technical efficiency 
would result from a more competitive environment (Nishimizu and Page 1991). Studies 
in the late 1960s and early 1970s convincingly demonstrated the extreme bias in incentive 
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structures against exports and agriculture in most developing economies and the resulting 
high costs of import-substituting industrialization. Recent theoretical work has argued 
that, where market power, economies of scale, learning, or externalities are significant, 
departures from neutral incentive regimes may improve economic performance (Krugman 
1986). The superior export performance is another striking feature of the HP AEs. This is 
reflected in their steadily rising share of world exports. As a group, the HP AEs increased 
their share in world exports from 8 percent in 1965 to 13 percent in 1980 and 18 percent 
in 1990 (World Bank 1993). Manufactured exports have provided most of this growth. 
From 1965 to 1990, Japan emerged as the world's biggest exporter of manufactured 
goods, increasing its share of the world market from nearly 8 to almost 12 percent. In the 
1970s and 1980s, the locus of growth shifted to the Four Tigers, whose share of 
manufactured exports grew nearly four times faster than Japan's. Beginning around 1980, 
the three Southeast Asian HP AEs (Indonesia, Malaysia, and Thailand), which had been 
historically dependent on commodity exports, recorded a similar but so far smaller surge 
in manufactured exports. 
Abegglen (Sea Change, 1994) argues that investment in infrastructure is another 
key to economic growth: 
"A corollary of this growth is a problem that exists 
throughout East Asia of requirements for the whole range 
of infrastructure facilities -- roads and air transport 
facilities, harbors, electrical power generating capacity, and 
telecommunications. The surging growth puts demands on 
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the infrastructure that require massive investments even in 
highly developed Japan. These investments, across a broad 
range of products from steel and cement to radar and 
cellular phones, are necessary for growth as bottlenecks 
keep occurring and are themselves a force for growth, a 
main source of increased demand. Each government in the 
area has announced huge investment programs in the whole 
range of infrastructure needs, led by Taiwan's $300 billion 
six-year plan, for a grand total in East Asia of announced 
plans of just under $600 billion -- not including Japan's 
ten-year, $3.5 trillion commitment. The changes in life-
style and standard of living implicit in these huge budgets 
make up a good deal of the shift from poverty that the 
World Bank expects. At the same time, world companies 
that fail to capture a significant share of this massive 
demand will fail in the competition of the 1990s and 
after."2 
Government expenditure on infrastructure may be viewed as an input in the 
aggregate production function. The government investment on bridges, roads, and 
airports, harbors, etc. will highly complement private investment. However, economic 
theory does not give a clear prediction about the impact of an increase in share of 
government expenditure in the GNP on the growth of GNP. From an income accounting 
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perspective, a higher share of government expenditure in GNP could come at the expense 
of either investment in conventional capital or private consumption. If the share of 
government expenditure in the GNP increases at the expense of investment, this would 
tend to diminish the growth rate of GNP. However, substantial portions of government 
consumption expenditure are in fact investment in the broader sense, especially education 
and health care. Thus a higher share of government expenditure in the GNP does not 
necessarily reduce capital formation even if it is at the expense of conventional 
investment. A strong believer in the free market would expect government expenditure to 
be less efficient than its private counterpart even if it was in the field of human capital, 
and thus he would predict that the high government expenditure share in the GNP, the 
lower the growth of GNP. However, many development economists of the "Structuralist 
School" would contend that certain government expenditures have been and will be 
necessary to remove impediments to economic growth. For the structuralists, under 
certain circumstances, a higher government expenditure share in the GNP would be 
associated with faster growth (Daniel Landau, 1983). Easterly and Rebelo (1993) present 
cross-economy estimates that infrastructure investment has a high payoff for economic 
growth. These investments have been highly complementary to private investment, 
especially in export-oriented manufacturing activities. Even if we set aside urbanized 
Hong Kong and Singapore, the HPAE's per capita electricity generating capacity is equal 
to or exceeds that of economies at similar levels of per capita income. Similarly, from 
1975 to 1985, the five developing HPAEs with nontrivial rural sectors increased 
telephone service much faster than other economies with roughly the same population per 
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phone in 1975. Although increases in infrastructure are clearly correlated with income 
growth, recent econometric evidence suggests causality may run from infrastructure 
spending to growth (Easterly and Rebelo 1993; Canning and Fay 1993). 
Again, Abegglen in this same book argues about the urban centers as the key 
economic centers, he wrote: 
"The economic growth of the great urban centers of East 
Asia powerfully supports the argument of Jane Jacobs 
(1985) that cities, not nations, are the relevant unit for 
understanding economic growth. It is important, if we are 
to understand the rise and decline of wealth, for us not to be 
fuzzy about an abstraction like 'expansion' but to be 
concrete and specific about how expansion occurs from city 
import-replacing consists specifically of these five forms of 
growth: abruptly enlarged city markets for new and 
different imports consisting largely of rural goods and of 
innovations being produced in other cities; abruptly 
increased numbers and kinds of jobs in the import-replacing 
city; increase transplants of city work into non-urban 
locations as older enterprises are crowded out; uses for 
technology, particularly to increase rural production and 
productivity, and growth of city capital." 3 
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An accurate assessment of the configuration of East Asia's move to industrial 
power involves therefore an appreciation of the special role, importance, and wealth of its 
cities. 
Investment is both a source of demand for current output and a determinant of the 
growth of capital stock and potential output. This simple truism is at the heart of the 
modem growth theory that was nurtured in the writings of Roy F. Harrod and Evsey D. 
Domar and has been extensively developed by Robert M. Solow (Hickman, 1965). 
Delong and Summers (1991, 1993) have argued that equipment investment, rather than 
total investment, is a superior explanatory variable for per capita income growth. When 
the investment share in GDP is replaced with the share of equipment investment, the 
explanatory power of the regression is improved, and the coefficient of the share of 
equipment investment is highly significant. Between 1960 and 1990, the investment 
increased markedly in the HP AEs, outstripping the performance of other developing 
regions. However, a large number of empirical studies dating back to Solow's paper on 
technical progress in 1957, and the various growth accounting studies of Kuznets (1966), 
Denison (1962, 1967) and others, have concluded that the contribution of investment to 
growth is not large, as was once assumed in Harrod-Domar models 4 and their derivatives, 
but comparatively minor, accounting perhaps for one quarter or one fifth of growth. 
The educational system is the foundation of national economic structure. Its 
success or failure influences an essential factor of production - human capital. Higher 
education quantity and quality will prepare stronger labor force for the economy. A 
literate work force is necessary if a country is to achieve a positive economic climate. A 
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work force able to read, write, and reason is an important economic development asset. In 
nearly all the rapidly growing East Asian economies, the growth and transformation of 
systems of education and training during the past three decades has been dramatic. The 
quantity of education children received increased at the same time that the quality of 
schooling, and of training in the home, markedly improved. Today, the cognitive skill 
levels of secondary school graduates in some East Asian economies are comparable to, or 
higher than, those of graduates in high-income economies (World Bank 1993). 
The free-market system facilitates the allocation of accumulated resources to 
high-yielding activities. The Fundamental Theorems of Welfare Economics or the 
invisible hand theorems supported the hypothesis that the market will generate socially 
desirable results. The high performing Asian economies have efficiently absorbed 
unprecedented rates of growth of physical and human capital for thirty years. All of the 
HP AEs had total factor productivity growth that exceeded that of more than 70 percent of 
developing economies between 1960 and 1989. This means that factors, once 
accumulated in the HP AEs, contributed much more to output growth than would be 
predicted on the basis of the average performance of a broad sample of economies, both 
developing and industrial. How have the East Asian economies succeeded in using 
resources efficiently? Good fundamentals again tell much of the story. Price distortions, 
while present, were limited, and markets were allowed to work. HP AE governments have 
relied primarily on market mechanisms to guide allocative decisions in both labor and 
capital markets. Labor markets in the HP AEs have been remarkably free of the 
interventions that restrict labor mobility and create small, high-wage elites in other 
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developing regions. While capital markets have been frequently controlled, restrictions on 
deposit and lending rates have generally distorted markets less than in most other low-
and middle-income economies. Government efforts to direct credit have generally been 
undertaken within the framework of moderate interest rate subsidies, and financial 
institutions have been given the final decision on the creditworthiness of investment 
projects. This has meant that loans supplied through directed credit have been monitored 
and generally have been repaid. The relative prices of capital and labor have broadly 
reflected their relative scarcities. 
Population Growth: An Impediment to Economic Development? 
Classical economic theory apparently shows irrefutably that population growth 
must reduce the standard of living. The heart of all economic theories of population, from 
Malthus5 to The Limits to Growth6, can be stated in a single sentence: the more people 
using a stock of resources, the lower the income per person, if all else remains equal. In 
the simplest Harrod-Damar growth model, the conclusion is much the same as that of 
Malthus: with more people, more investment is necessary to maintain the same levels of 
capital and output per person, which implies lower consumption per person. Growth 
theory that introduces constant exogenous technical change leads directly to the same 
conclusion: faster population growth implies lower consumption. However, Kuznets 
(1959) discussed this idea: The greatest factor in growth of output per capita is, of course, 
the increasing stock of tested, useful knowledge. The producers of this stock are the 
scientists, inventors, engineers, managers, and explorers of various description - all 
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members of that population whose growth we are considering. Population growth would 
produce an absolutely larger number of geniuses, talented men, and generally gifted 
contributors of new knowledge - whose native ability would be permitted to mature to 
effective levels when they join the labor force. 
According to Simon (1986): 
"there is no evidence that population growth is negatively 
associated with economic growth. Many comparative 
studies have been made among various countries by now, 
and there is agreement among them that population growth 
does not hinder economic growth. The statistical 
measurement of the relationship of population growth to 
economic growth is biased in favor of showing the shorter 
run effects, which tend to be negative, and not showing the 
longer run effects, which tend to be positive."7 
During the period 1965-80, all the developing regions of the world experienced a 
marked decline in crude death rates. The decline in most economies was 30-40 percent 
and did not vary much among regions. There was, however, substantial regional variation 
in the extent to which declines in birth rates held in check the potentially explosive 
growth in population from the rapid mortality decreases. The sharpest declines were in 
East Asia: 40-50 percent (World Bank, 1993). As a result, the rate of population growth 
declined in all the East Asian economies. 
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2.2. Hypothesis 
Different countries have different kind of economic growth models. Some factors 
contributed to the rapid economic growth in East Asian nations may have positive impact 
on China's economic growth, but some may not. The purpose of this study, as mentioned 
before, is to examine which of theses factors do affect and how they affect the Chinese 
economic growth. In the model, China's growth rate of GNP per capita is used as the 
indicator of China's economic growth. It is the dependent variable. The following 
variables are included as the explanatory variables in the model: domestic investment; 
human capital; net export; government expenditure on infrastructure; free-market system 
and population growth. The hypothesis is that all the first five factors are assumed to have 
significant positive impact on China's economic growth, while the population variable is 
assumed to have significant negative impact on China's economic growth. Before 
running regression, net export factor is assumed to exhibit the most significant impact on 
China's economic growth, because an analysis of the experience of the East Asian nations 
shows that the export growth has played a key role in their excellent economic 
performance. Through out the literature, there is fairly general agreement that the export-
oriented strategy and export growth were integrally associated with the achievement of 
high overall rates of economic growth. 
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CHAPTER3 
3.1. A Model of Per Capita GNP Growth for China 
In this chapter I develop a model of per capita GNP Growth for China. This is 
done by first specifying a model of total GNP growth. Then I specify a second equation 
identifying the determinants of population growth. Finally a model for per capita GNP 
growth is derived by subtracting the second equation from the first. In specifying the 
equation for total GNP growth I shall rely on the factors that were discussed in the 
previous chapter contributing to the East Asian miracle. 
In deriving the GNP growth equation, I shall make use of the traditional approach 
of introducing government expenditure and net export as "inputs" in the aggregate 
production function Y = f (K, L, G, X) where Y is GNP, K is the capital stock, L is labor 
input, G is government expenditure and X is net exports. 
By totally differentiating this function and manipulating the expression one gets: 
(1) 
where a lower case letter implies the growth rate of the variable and aK is the marginal 
product ofK in the economy, I, investment defined as the change in the capital stock over 
time, bL> b0 and bx are elasticities of aggregate output with respect to labor, government 
expenditure, and net exports. I can postulate aa and ax, rather than b0 and bx, as constant 
parameters, and equation (1) becomes 
(2) 
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To capture the effect of Chinese economic reform, I shall introduce a dummy 
variable M which takes on the value of 1 for years after 1978. Thus, equations (1) and (2) 
may be rewritten as: 
y = aK(I/Y) + bLl + b0 g + bxx + cM 
y = aK(I/Y) + bLl + aa(G/Y)g + ax(XIY)x + cM 
(3) 
(4) 
Since reliable data for labor force participation rates are not readily available for 
most years, I shall use the number of primary school graduates as a percentage of the total 
population as a proxy for the level of educational attainment of the labor force. 
and 
where 
The original population models for total GNP growth are 
Yt 
I = 
= 
= 
(5) 
growth rate of China's total GNP, in percent p.a. 
domestic investment measured by investment in fixed assets of 
state-owned units, in billions of Yuan 
China's total GNP, in 10 billions of Yuan 
growth rate of primary school graduates as a percentage of the total 
population, in percent p.a. 
growth rate of government expenditure on infrastructure, in percent 
p.a. 
growth rate of net exports, in percent p.a. 
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M 
G 
x 
a 
= 
= 
= 
= 
= 
= 
= 
dummy variable for economic reform, raking on the value of 1 for 
years after 1978 
government expenditure on infrastructure, in millions of Yuan 
net exports, in 10 billions of Yuan 
intercept term which measures the expected growth rate of GNP 
when I/Y = 1 = g = x = M = 0 
intercept term which measures the expected growth rate of total 
GNP when IN= 1 = (G/Y)g = (X/Y)x = M = 0 
partial regression coefficient, which measures the marginal product 
of capital, primary school graduates, government expenditure on 
infrastructure and net export 
partial regression coefficient, measuring the elasticity of aggregate 
output with respect to government expenditure on infrastructure 
and with respect to net exports 
error terms with 0 expected value 
A positive value for 131 is expected because of the direct relationship between 
share of domestic investment in GNP and the growth rate of GNP. Economists 
traditionally have viewed investment as one of the driving forces of economic growth. 
It is assumed that educational attainment and economic growth maintain a 
positive relationship. A work force able to read, write, and reason is an important 
economic development asset. More education attainment means higher productivity, 
which lead to faster GNP growth. Thus the value of 132 is expected to be positive. 
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A positive relationship is anticipated for government expenditure on infrastructure 
and GNP growth. The government expenditure on infrastructure is highly complementary 
to private investment. It not only becomes a direct instrument of economic development 
buy also a prerequisite to increased participation of the private capital in the development 
process. The role of government expenditure on infrastructure is crucial in promoting 
development. 
Exports contribute to economic growth in various ways. A successful export-
oriented development strategy does three things for rapid economic growth. First, it 
permits countries to take better advantage of the technological opportunities available to 
them. It also prevents them from making some of the costly mistakes often associated 
with inner-oriented, restrictive, trade and development industrialization strategies. Third, 
it forces policies upon governments that generally lead to better economic performance 
by the private sector. Thus, the export variable is assumed to be positively related with 
the economic growth. 
A positive value for M is expected. Economic reform facilitates the accumulated 
resources be allocated to high-yielding activities, generating faster economic growth. 
Since I am interested in elements which have influenced the growth rate of per 
capita GNP in China, at first glance this is simply calculated as the difference between the 
growth rate of total GNP and population growth rate. But population growth itself is a 
function of many variables. Thus I need to formulate a population growth model and test 
it before incorporating it into the per capita GNP growth equation. 
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It has been established that the following variables may have an impact on the 
growth rate of the population of a country: health condition, urbanization and population 
control policy. 
where 
The original population model for population growth is as follows: 
(7) 
Pt = population growth rate, in percent p.a. 
growth rate of number of doctors per 1,000 persons, in percent p.a. 
urban population as a percentage of total population 
= dummy variable for population control policy, taking a 
value of 1 for years during which birth control policy is in 
effect (From 1979 on) 
130 = intercept term which measures the expected population 
growth rate when dt = ut = ct = 0 
A 6 7 partial regression coefficients which give the expected change in 1-'5, • 
population growth rate as a result of a one-unit change in growth 
rate of number of doctors per 1,000 persons and of a one-unit 
change in the percentage of total population that is urban. 8 
error term with 0 expected value 
A negative value of j35 is expected. Because better access to health services 
provides better knowledge of birth control for people, especially in the rural area. 
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The relationship between variable U and population growth is assumed to be 
negative, too. In the rural area, more male children means more labor force in the field in 
the future. In order to have more male kids for the heavy field work, parents tend to 
increase the possibility of pregnancy. In the urban area, the employment opportunity for 
the female increases, therefore fertility rates tend to be low, leading to less population 
growth. Thus, the expected sign for p6 is negative. 
The "one couple, one child" birth control policy of Chinese government is well-
know to the whole world. It is rational to expect a negative value for p7• 
Finally, the equation for the difference between the growth rate of total GNP and 
the growth rate of population enables me to examine all the factors included in this paper 
which affect the growth rate of GNP per capita of China - the goal of this study. 
3 .2. Sources of Data 
The basic data needed for the various regressions consist of annual data from 1949 
to 1993. They are collected from various issues of the China Statistical Yearbook, China 
Statistical Abstract, China Facts & Fi1rnres Annual Handbook. The GNP growth rate, 
domestic investment as the share of total GNP, graduates of primary school as the 
percentage of total population, net export growth rate, growth rate of government 
expenditure on infrastructure and growth rate of the numbers of doctors per 1,000 person 
are calculated by myself.9 The government expenditure as the percentage of total GNP, 
net export as the percentage of total GNP are calculated by using the SAS program. 
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Data after 1970s are better than those from 1949-1960, because the statistical staff 
gained more experience and the funding for data compilation was improved. The practice 
of rounding off to two decimals may affect the accuracy of data. 
The data are to a large extent the by-product of administration and may be biased, 
as they are compiled by officials and cadres whose performance may be evaluated on the 
basis of the collected data. Although the government can do much more to improve the 
surveys, the main problem is the difficulty in collecting information from a vast number 
of respondents who find record-keeping difficult. 
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CHAPTER4 
4. 1. Regression Results 
4.1.1. GNP Growth Rate Equations 
The Ordinary Least Squares (OLS) method on the SAS program is applied to the 
GNP growth rate equations to estimate the coefficients of the explanatory variables and a 
constant in the equation. There are two supplementary equations in this stage. First, in 
equation (5), the effects of the growth rate of government expenditures on infrastructure 
and of the growth rate of net export on GNP growth rate are tested. In equation ( 6), the 
marginal productivity of output in respect to government expenditure on infrastructure 
and net export are estimated using the following variables: the growth rate of government 
expenditure on infrastructure times the government expenditure on infrastructure as a 
percentage of total GNP; the growth rate of net export times net export as a percentage of 
total GNP. After evaluating the results from these regressions, I shall select the more 
plausible one to be representative of the GNP growth model. 
The estimation of equation (5) is presented in Table 4. 1. 
An F-value of 6.89 implies that the overall model is significant at the l % level. 
A value of 0.41 for the adjusted coefficient of determination suggests that the 
independent variables in the model taken together explain 41 % of the variation in the 
dependent variable. 
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Table 4.1 
Reiression Analysis of the GNP Growth Rate Eqyation (5) 
CONST ANT l/Y 1 g x M 
Coefficients -13.04 1.45 -4.11 0.24 0.28 -0.31 
t-Stat (-1.34) (3.20) (-1.19) (3.56) (2.09) (-0.06) 
F-Stat 6.89 (p-value10 = 0.0001) 
R-Square 0.48 
Adj R2 0.41 
DW 1.76 
Note: DW is the calculated value of the Durbin-Watson statistic (see Appendix for 
details) 
Table 4.2 
Correlation Coefficient Matrix of the GNP Growth Rate Eq_uation (5) 
Sample Correlation P-Values 
I andl 0.08 0.63 
I andg -0.35 0.02 
Iandx 0.12 0.42 
IandM 0.17 0.28 
landg -0.30 0.04 
1 andx 0.16 0.31 
landM 0.61 0.0001 
gandx 0.13 0.40 
gandM -0.13 0.42 
xandM 0.48 0.0009 
28 
The coefficient for I/Y is 1.45 and significant at the 1 % level. It can be interpreted 
to mean that a one-percent increase in the share of domestic investment in GDP would 
lead to a 1.45% increase of GNP growth rate, holding everything else constant. 
The coefficient on g is found to be 0.24 and is also significant at the 1 % 
significance level. The result suggests that one-percent increase in the value of g, 
everything else assumed constant, would increase China's GNP growth rate by 0.24%. 
A value of 0.28 for the coefficient on the net export variable shows that 1 % 
increase in net export growth will increase GNP by 0.28%. This variable is statistically 
significant at the 5% level. 
The coefficients for both the growth rate of primary school graduates and 
economic reform are found to have unexpected signs and are not significant. 
Before talking about the tests of heteroscedasticity, multicollinearity and 
autocorrelation, it is necessary to talk about the standard assumptions for the multiple 
linear regression model. There are five of them: 
(1). Either the xlt, x2t> ... , xkt are fixed numbers, or they are realizations of random 
variables xlt, X2t• ... , x(ct, which are independent of the error term Et· 
(2). The error terms Et are random variables with 0 expected value. 
(3). The random variables Et all have the same variance, cr/, such that 
2 2 E(Et)=crE (t=l,2, ... ,n) 
( 4). The random variables Et are not correlated with one another, such that 
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(5). The independent variables X1t, X21, ••• , Xtct are not linearly related with one another, 
i.e., it is not possible to find a set of constants, C0, C., C2, ••• , CK, so that 
C0 + C1X1t + C2X21 + ... +CkXkt = 0 for every t =I, 2, ... , n. 
A violation of assumption (3) results in the problem ofheteroscedasticity, whereas 
autocorrelation (or serial correlation) occurs when the error terms are correlated with one 
another. Multicollinearity is present in the model when assumption (5) is violated. 
If either of assumptions (3) - (5) is violated, the consequences of the violation are: 
(1). For multicollinear model, the least-squares point estimates of the partial regression 
coefficients will be very imprecise. This will result in very large standard errors for the 
coefficient estimates, and thus will suggest statistical insignificance when in fact there is 
statistical significance; 
(2). Statistical inferences could be badly misleading; 
(3). Least-squares is not the most efficient procedure for estimating the coefficients of the 
regression model; 
(4). The usual procedures for deriving confidence intervals and tests of hypothesis for 
these coefficients are no longer valid; 
(5). If autocorrelation is present in the model, forecasts of future values of the dependent 
variable will be inefficient. 
A value of 1.76 for the Durbin-Watson statistic implies there is inconclusive 
evidence for the presence of autocorrelation at the 1 % level in this model ( dL = 1.29, du = 
1.78) (see Appendix A for explanation of this test). 
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A test for multicollinearity is performed by looking at the correlation coefficient 
matrix presented in Table 4.2. The p-value reported is that of the test for linear 
association between any pair of the independent variables. As the results in the table 
demonstrate, the independent variables I/Y vs g, l vs g and x vs M in the equation are 
collinear at 2%, 4% and 1 % level respectively. One may conclude that there is evidence 
of multicollinearity in the model (see Appendix A for details of this test). 
Given a value of 0.0093 for the R2 of the auxiliary regression, which implies a 
computed ·J! value of 0.42 (0.0093 * 45), the null hypothesis of no heteroscedasticity is 
accepted at 1 % (see Appendix A for details of this test). 
The variable M is dropped due to its most insignificant effect on the growth rate 
of GNP. Although insignificant and having unexpected sign, the variable l is kept in the 
model considering its overall importance. 
The results of the estimation of equation (5) without Mare presented in Table 4.3. 
An F-value of 8.84 indicates that the overall model is significant at the 1 % level. 
As the results indicate, the value for Adj R2 increases from 0.41 to 0.42. The 
model after dropping the M variable seems to explain slightly more the variation of the 
growth rate of GNP. 
The variable IN and g are still found to be significant at the 1 % level, while 
variable x is significant at the 2% level. The value of 1.45 for the coefficient on IN is 
unchanged, meaning that a one-percent increase in the share of domestic investment in 
GNP would increase the GNP growth rate by 1.45%. The values of 0.23 for g and 0.27 
for x can be interpreted to mean that a one-percent increase in government expenditure on 
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infrastructure and a one-percent increase in net export, everything else assuming constant, 
would lead to an increase in the GNP growth rate of 0.23% and 0.27%, respectively. 
Table 4.3 
Regression Analysis of the GNP Growth Rate Equation (5) without M 
CONSTANT I/Y g x 
Coefficients -12.88 1.45 -4.23 0.23 0.27 
t-Stat (-1.39) (3.25) (-1.54) (3.61) (2.36) 
F-Stat 8.84 (p-value = 0.0001) 
R-Square 0.48 
Adj R2 0.42 
DW 1.76 
These values are almost the same as before the variable Mis dropped. However, 
since the variable 1 is still found to be insignificant and have the unexpected sign, it is 
dropped from the model. Instead, the variable M variable is put back in the model, the 
reason for doing this being that M and 1 are highly correlated with each other in the 
model. This highly collinearity may have caused 1 to be insignificant when it indeed is 
(see consequences of multicollinearity in Appendix A). The results obtained are presented 
in Table 4.4. 11 
An F-value of 8.18 still indicates that the overall model is significant at the 1 % 
level. 
The value for Adj R2 decreases from 0.41 to 0.40, which means the independent 
variables explain 40% of the variation in the growth rate of GNP. 
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All the values of the coefficient estimate for I/Y, g and x increase to 1.52, 0.26, 
and 0.30, respectively. They can be interpreted to mean that a one-percent increase in the 
share of domestic investment in fixed assets of state-owned units in the GNP, a one-
Table 4.4 
Regression Analysis of the GNP Growth Rate Equation 5 without 1 
CONSTANT I/Y g x M 
Coefficients -19.25 1.52 0.26 0.30 -4.04 
t-Stat (-2.32) (3.36) (4.05) (2.24) (-0.94) 
F-Stat 8.18 (p-value = 0.0001) 
R-Square 0.45 
Adj R2 0.40 
DW 1.79 
percent increase in government expenditure on infrastructure and a one-percent increase 
in net export, everything else assuming constant, would lead to an increase in the GNP 
growth rate by 1.52%, 0.26%, and 0.30%, respectively. 
The variable M is the only one that is insignificant and its coefficient estimate has 
the opposite sign. China is just at the beginning stage of the process of achieving the so-
called "socialist market economy". It will take a longer period in order to test the effect of 
this variable on the growth of the economy of China. 
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Due to their insignificance and the fact that their coefficient estimates have the 
wrong sign, both M and 1 variables are dropped from the model. The results of the 
estimation of equation (5) without both Mand 1 are presented in Table 4.5. 
An F-value of 10.641 indicates that the overall model is significant at the 1 % 
level. 
A value of 0.40 for Adj R2 suggests that the independent variables included in the 
model, taken together, explain 40% of the variation in the growth rate of GNP. 
Table 4.5 
Regression Analysis of the GNP Growth Rate Equation (5) without both Mand 1 
CONSTANT IIY g x 
Coefficients -19.71 1.51 0.27 0.23 
t-Stat (-2.39) (3.33) (4.31) (2.04) 
F-Stat 10.641 (p-value = 0.0001) 
R-Square 0.44 
Adj R2 0.40 
DW 1.78 
The three variables I/Y, g and x are found to be significant at the 5% level and 
their coefficient estimates have the expected signs. A value of 1.51 for the coefficient on 
I/Y, 0.27 for that on g and 0.23 for that on x can be interpreted to mean that a one-percent 
increase in the share of domestic investment in fixed assets of state-owned units in the 
GNP, a one-percent increase in government expenditure on infrastructure and a one-
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percent increase in net export, everything else assuming constant, would lead to an 
increase in the GNP growth rate by 1.51 %, 0.27%, and 0.23%, respectively. 
Having estimated the GNP growth equation with elasticities of aggregate output 
with respect to labor, government expenditure and net export, we now turn to the 
estimation of equation (6), which postulates the marginal products of government 
expenditure and of net exports as the constant parameters. Recall that the original 
population model for total GNP growth is: 
The results obtained for this regression are presented in Table 4.6. 
Table 4.6 
Re~ression Analysis of the GNP Growth Rate Eqyation (6) 
CONSTANT I l (GN)g (X/Y)x M 
Coefficients -9.62 1.32 -3.63 0.01 14.30 1.89 
t-Stat (-0.97) (2.87) (-0.94) (3.55) (1.05) (0.30) 
F-Stat 5.53 (p-value = 0.0006) 
R-Square 0.42 
Adj R2 0.35 
DW 1.76 
An F-value of 5.53 indicates that the overall model is significant at the 1 % level. 
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A value of 0.35 for Adj R2 suggests that the independent variables in the model, 
taken together, explain 35% of the variation of the GNP growth rate. 
The coefficient estimate for I/Y decreases to 1.32 and this variable is significant 
at the 1 % level. It can be interpreted to mean that a one-percent increase in the share of 
domestic investment in fixed assets of state-owned units in the GNP would lead to a 
1.32% increase in GNP growth rate, holding everything else constant. 
The coefficient estimate for (G/Y)g is found to be 0.01 and this variable is also 
significant at the 1 % significance level. The result suggests that a one-unit increase in the 
value of (G/Y)g, everything else assuming constant, would increase China's GNP growth 
rate by 0.01 %. 
Though the sign of the variable M turns out to be as expected, both the variables 
(X/Y)x and Mare statistically insignificant at the 5% level. Again, this is possibly due to 
multicollinearity. These two variables are highly correlated with each other as indicated 
in a very low value of 0.0001 for the P-value of the test for linear association between 
them. 
The coefficient estimate for l is found to have the unexpected sign and this 
variable is insignificant at the 5% level. 
A value of 1.76 for the Durbin-Watson statistic confirms non-existence of first-
order autocorrelation among the error terms. 
A test for multicollinearity is performed and a summary of the results is presented 
in Table 4.7. As the results in the table demonstrate, the independent variables 1 and 
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(G/Y)g in the equation are correlated to each other at the 2% level, (X/Y)x and M are 
highly correlated with each other at the 1 % significance level. 
Given a value of 0.0000 for the R2 of the auxiliary regression, which implies a 
computed x2 value of 0.0000 (0.0000 * 45), the null hypothesis of no heteroscedasticity is 
accepted at 1 % (see Appendix for details of this test). 
The same procedure which is done for the GNP Growth Rate Equation ( 5) is 
followed to test the GNP Growth Rate Equation (6). First, the variable Mis dropped from 
the model. The obtained results are presented in Table 4.8. 
An F-value of 7 .05 suggests that the overall model is significant at the 1 % level. 
Table 4.7 
Correlation Coefficient Matrix of the GNP Growth Rate Equation (6) 
Sample Correlation P-Values 
I/Y Vs (G/Y)G -0.26 0.08 
l/Y Vs (X/Y)x 0.13 0.40 
1 Vs (G/Y)x -0.36 0.02 
1 Vs (X/Y)x 0.08 0.62 
(G/Y)x Vs M -0.19 0.21 
(X/Y)xVs M 0.56 0.0001 
A value of 0.36 for Adj R-Square indicates that the independent variables 
included in the model, taken together, explain 36% of the variation of the GNP growth 
rate. 
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The value of the coefficient estimate for IN is 1.33 and this variable is significant 
at the 1 % level. It can be interpreted to mean that a one-percent increase in the share of 
investment in fixed assets of state-owned units in the GNP would increase the GNP 
growth rate by 1.33%. 
The variable (G/Y)g is found to be significant at the 1 % significant level. And a 
value of 0.01 of the coefficient estimate on this variable implies a marginal productivity 
of aggregate output with respect to the government expenditure on infrastructure of 0.01. 
The variable l is found to be insignificant at the 5% level, and its coefficient 
estimate has the wrong sign, possibly due to multicolinearity. 
Table 4.8 
Regression Analysis of the GNP Growth Rate Equation (6) without M 
CONSTANT I/Y l (G/Y)g (X/Y)x 
Coefficients -10.49 1.33 -2.89 0.01 16.89 
t-Stat (l.12) (2.93) (-0.99) (3.58) (1.64) 
F-Stat 7.05 (p-value = 0.0002) 
R-Square 0.42 
Adj R2 0.36 
DW 1.76 
The value of the coefficient estimate for (X/Y)x is 16.89 and this variable is 
statistically insignificant at the 5% level. 
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Then the variable l is dropped from the model for re-running. The obtained results 
are presented in Table 4.9. 
An F-value of 6.71 suggests that the overall model is significant at the 1 % level. 
Table 4.9 
Regression Analysis of the GNP Growth Rate Equation (6) without l 
CONSTANT I/Y (G/Y)g (X/Y)x M 
Coefficient -14.73 l.36 0.01 18.66 -1.98 
t-Stat (-1.78) (2.97) (3.91) (l.45) (-0.41) 
F-Stat 6.71 (p-value = 0.0003) 
R-Square 0.41 
Adj R2 0.34 
DW l.81 
A value of 0.34 for Adj R-Square indicates that the independent variables 
included in the model, taken together, explain 34% of the variation of the GNP growth 
rate. 
The value of the coefficient estimate for I/Y is 1.36 and this variable is significant 
at the 1 % level. It can be interpreted to mean that a one-percent increase in the share of 
investment in fixed assets of state-owned units in the GNP would increase the GNP 
growth rate by 1.36%. 
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The variable (G/Y)g is found to be significant at the 1 % significant level. And a 
value of 0.01 of the coefficient estimate on this variable implies a marginal productivity 
of output with respect to the government expenditure on infrastructure of 0.01. 
The coefficient estimate on M is found to have the opposite sign and this variable 
is insignificant at the 5% level. 
The value of the coefficient estimate of (X/Y)x is 16.89, but again this variable is 
insignificant at the 5% level. 
Last, both 1 and M variables are dropped from the model. The obtained 
results are presented in Table 4.10. 
Table 4.10 
Regression Analysis of the GNP Growth Rate Equation (6) without both 1 and M) 
CONSTANT I/Y (G/Y)g (XIY)x 
Coefficients -15.03 1.35 0.01 15.58 
t-Stat (-1.84) (2.99) (4.24) (1.52) 
F-Stat 9.08 (p-value = 0.0001) 
R-Square 0.40 
Adj R2 0.36 
DW 1.81 
An F-value of 9.08 suggests that the overall model is significant at the 1 % level. 
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A value of 0.36 for Adj R-Square indicates that the independent variables 
included in the model, taken together, explain 36% of the variation of the GNP growth 
rate. 
The values of the coefficient estimate for l/Y, (G/Y)g and (X/Y)x are generally 
unchanged. 
Since the variable (X/Y)x has an insignificant effect on the GNP growth rate, it is 
dropped from the model. The results are shown in Table 4.11. 
Table 4.11 
Regression Analysis of the GNP Growth Rate Equation (6) without (X/Y)x 
CONSTANT l/Y (G/Y)g 
Coefficient -14.78 1.46 0.01 
t-Stat (-1.78) (3.22) (4.43) 
F-Stat 12.07 ( p-value = 0.0001) 
R-Square 0.37 
Adj R2 0.34 
DW 1.72 
An F-value of 12.07 suggests that the overall model is significant at the 1 % level. 
A value of 0.34 for Adj R-Square indicates that the independent variables 
included in the model, taken together, explain 34% of the variation of the GNP growth 
rate. 
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The value of the coefficient estimate for VY is 1.46 and this variable is significant 
at the 1 % level. It can be interpreted to mean that a one-percent increase in the share of 
investment in fixed assets of state-owned units in the GNP would increase the GNP 
growth rate by 1.46%. 
The variable (G/Y)g is still found to be significant at the 1 % level. And a value of 
0.01 of the coefficient estimate on this variable implies a marginal productivity of 
aggregate output with respect to the government expenditure on infrastructure of 0.01. 
Comparing all the results, the GNP growth rate equation (5) without the variable 
M explains the most variation of the GNP growth rate. The estimated model is as 
follows: 
Yt = -12.88 + l.45(UY)t - 4.23lt + 0.23gt + 0.27xt (8) 
The results show that the variables government expenditure growth rate and net 
export growth rate have more explanatory power than the variables government share 
times government growth and net export share times net export growth. 
The domestic investment share variable exhibits the most significant effect on the 
growth of GNP, while the net export variable does not have the most significant effect as 
expected before running the regressions. 
4.1.2. Estimation of the Population Growth Rate Equation 
After estimation usmg the OLS method, the results for the estimation of 
population growth rate equation are presented in Table 4.12. 
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A value of 0.30 for Adj R2 suggests that the independent variables in the model , 
taken together, explain 30% of the variation in the population growth rate. 
The coefficient estimates of the three variables are found to have the expected 
signs; however, only the variable d is significant while the other two are insignificant at 
the 5% level. A coefficient estimate of -0.95 indicates that when there is a one-percent 
increase in the number of doctors per 1,000 persons, there would be a 0.95% decrease in 
population growth. 
An F value of 7.02 indicates that the overall model is significant at the 1 % level. 
A value of 1.00 for the Durbin-Watson statistic shows the existence of severe 
autocorrelation. The correction for first-order autocorrelation requires the use of the 
Table 4.12 
Re~ression Analysis of the Population Growth Rate Equation (7) 
CONSTANT d u c 
Coefficient 23.63 -0.95 -0.13 -3.86 
t-Stat (6.85) (-3.42) (-0.68) (-1.43) 
F-Stat 7.02 (p-value = 0.0007) 
R-Square 0.35 
Adj R2 0.30 
AR(l) procedure, a form of Generalized Least Squares (GLS) (see Appendix for details 
on this procedure). 
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A test for multicollinearity shows that the sample correlation coefficient between 
U and C is 0.69 with a p-value of 0.0001. These two variables are thus highly correlated 
with each other. This may be a reason why these two variables are insignificant. 
The result for the heteroscedasticity test is as follows: the value of the R-Square 
from the auxiliary regression is 0.0006 giving a calculated value of the ·/ statistic of 
0.027. This implies that the null hypothesis of no heteroscedasticity is accepted at all 
standard significance levels. 
The most insignificant variable U is dropped from the model. After the model is 
rerun without this variable, the results are obtained in Table 4.13. 
As the table shows, the F-value increases to 10.44, indicating that the overall 
model is significant at the 1 % level. Adj R-Square also increases to 0.31. The tests show 
there are no multicollinearity and heteroscedasticity in this model. 
Table 4.13 
Regression Analysis of the Population Growth Rate Equation (7) without U 
CONSTANT d c 
Coefficients 21.42 -0.95 -5.13 
t-Stat (17.93) (-3.43) (-2.63) 
F-Stat 10.44 
R-Square 0.34 
Adj R2 0.31 
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However, a value of 1.00 for the Durbin-Watson statistic shows the existence of 
severe autocorrelation. This is usually expected in a time-series study. The correction for 
first-order autocorrelation requires the use of the AR(l) procedure, which is a form of 
Generalized Least Squares (GLS). 
Both the d and C variables in the model are statistically significant at the 1 % level 
after the U variable is dropped. The variable C exhibits a more negative effect on the 
growth rate of population. A value of -5.13 for the coefficient estimate on C can be 
interpreted to mean that all else equal, the population growth rate is 5.13% lower since 
the implementation of the "one couple, one child" policy. The estimated model is as the 
following: 
Pt= 21.42 - 0.95dt - 5.13Ct (9) 
4.2. Effects of the Variables 
In the last stage, the GNP per capita growth rate is estimated. Combining 
equations (8) and (9) one gets an estimate for the GNP per capita growth equation: 
A A Yt - Pt= -34.24 + 1.45(1/Y)t - 4.23lt + 0.23gt + 0.27xt + 0.95dt + 5.13Ct (10) 
From equation ( 10) one can draw the following conclusion: 
(1 ). The share of investment in the GNP exerts a strong and positive influence on 
the economic growth in China. This result validates the importance of the role of 
investment in fixed assets in the development process; 
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(2). Even though the growth rate of primary school graduates as a percentage of 
the total population seems to have had a negative impact on growth, this finding may 
seemingly be due to the extent of multicollinearity in the model; 
(3). Both growth in government expenditure on infrastructure and net export 
growth have led to more rapid economic growth. These results confirm Abegglen's 
( 1994) argument that both investment in infrastructure and export promotion are key 
factors in the development process; 
(4). Improvements in health care accessibility as measured by the growth in the 
number of doctors per 1,000 persons and an effective population control policy have 
raised the standard of living of the people in China. 
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CHAPTERS 
5.1. Conclusion 
In order to capture the effects of the six variables on the economic growth in 
China, a statistical analysis has been attempted in three stages: 1) estimation of China's 
total GNP growth equation; 2) estimation of China's population growth equation; and 3) 
estimation of China's per capita GNP growth equation. The independent variables in the 
various equations show moderate collinearity among each other. As a result of 
multicollinearity, in some cases, the coefficient estimates of different variables are found 
to have both unexpected signs and insignificant t-values. It is important to note that the 
share of investment in fixed assets in the GNP in all the equations specified exerts a 
significant impact on economic growth. This shows that high investment in the Chinese 
economy has been a key factor in its great success. As mentioned before, the coefficient 
estimates for the growth rate of primary school graduates as a percentage of the total 
population and economic reform have unexpected signs. Moreover, both variables have 
insignificant t-values. The former variable should have a significant effect on economic 
growth. However, the primary school graduates as a percentage of the total population 
may not be a good proxy for education attainment. Since China is just at the beginning 
stage of achieving the "free-market" system, it will take a much longer time for it to be 
able to feel the effect of economic reform on economic growth. 
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The model including the variables government share times government growth 
and net export share times net export growth does not prove to be superior to that using 
simply growth rates. The estimated coefficient for the former is only 0.01, and the latter 
variable is statistically insignificant at the 5% level. On the other hand, the model 
including government expenditure on infrastructure growth rate and net export growth 
rate has more explanatory power for the economic growth rate in China. 
There is presence of severe autocorrelation in the population growth model. This 
problem was corrected using the AR(l) procedure (a form of GLS). This model may have 
not included some important factors which may better explain variations in the population 
growth rate. This shortcoming is due to the lack of data on these factors. 
5.2. Su~~estions for Further Research 
This study begins with the hypothesis that domestic investment, human capital, 
government expenditures on infrastructure, net exports and the free market system will 
have a significant positive impact on China's economic growth, while population growth 
will have a negative impact on China's economic growth. The method applied to this 
research introduces two dummy variables to capture the effect of a free market system on 
economic growth and that of birth control policy on population growth. The overall 
findings do indeed suggest that domestic investment, government expenditure and net 
exports have a positive impact on China's economic growth. However, the presence of 
multicollinearity raises some doubt concerning the reliability of the estimates. Also, a 
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better indicator may be used in place of the primary graduates as a percentage of the total 
population as a proxy for education attainment, since, theoretically, education should 
maintain a strong and significant relationship with economic growth. The unusual results 
may very well be due to the unreliability and unstable nature of the data on the primary 
school graduates as a percentage of the total population. In the future, availability of more 
consistent and reliable data on each variable may be helpful in testing the models 
developed in this project. 
While the results of this study seem to have confirmed some of the hypothesis, it 
is important to note that it also suffers a few draw back. First, there is the possibility of a 
feed back effect for growth to investment (especially in command-type economy like 
China) and to government growth on infrastructure. Second, cultural aspects may play a 
role in stimulating the growth process. Unfortunately, at the present time, one has no way 
of quantifying these cultural influences. 
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APPENDIX A: TESTS OF VIOLATIONS OF ASSUMPTIONS (3), (4) AND (5) 
FOR THE MULTIPLE LINEAR REGRESSION MODEL 
A Test For Heteroscedasticity 
In this test, the alternative hypothesis specifies that the variance of the error terms, 
Et, depends on the expected value of the dependent variable, given the values of the 
independent variables. To test the null hypothesis that the error terms have the same 
variance, a simple linear regression is estimated using the square of the residual et= Yt - :Yt 
as the dependent variable and the predicted value, Yt. of the dependent variable as the 
independent variable. 
Let R2 be the coefficient of determination of this auxiliary regression; given a 
significance level, the null hypothesis is rejected if nR2 is larger than the critical x.2 value 
with one degree of freedom. 
A Test For Multicollinearity 
To check for the presence of multicollinearity in the statistical model, we look at 
the matrix which gives the sample correlation coefficient and the P-value of the test for 
linear association between any pair of independent variables included in the model. Based 
on the value of the P-value, the decision rule is as follows: 
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--- if the P-value is greater than 0.10, we conclude that the two independent variables are 
not collinear; 
--- if the P-value is between 0.05 and 0. IO, there is moderate collinearity between the two 
variables; 
--- if the P-value is less than 0.05, severe-eollinearity exists between the two variables. 
The Durbin-Watson Test For Autocorrelated Errors 
The test of the null hypothesis of no autocorrelation against the alternative of 
positive autocorrelation in the error term that is most often used is the Durbin-Watson test 
and is based on the residuals, et, from the least squares estimated regression. The Durbin-
Watson statistic is given by: 
n 
L (et - et-1)2 
t=2 
d=--------
n 
2 :E et 
t=2 
where n is the number of observations in the sample. The decision rule to follow is : 
Reject the null hypothesis if d < dL 
Accept the null hypothesis if d > du 
51 
The error term is inconclusive when dL < d < du, where dL and du are critical 
values for values of n and K (number of independent variables) and for different 
significance levels. 
Estimation of Re~ression Models with Autocorrelation 
After the Durbin-Watson statistic is obtained from the least-squares estimation of 
the model, one can calculate the estimate of the correlation between adjacent error terms r 
using the formula: r = 1 - d/2. The model is then re-estimated by least-squares in which 
the new dependent variable is (Yt - rYt_1) and the independent variable are (xu - rx1' t-1), 
... , (xKt - rxK, t-1), where K is the number of independent variables. 
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APPENDIX B: RESTRICTED F-TEST 
To test the null hypothesis 
Ho: P1 = P2 = ··· = Pk1 = 0 
let SSE denote the sum of squared errors when the dependent variable is regressed on all 
the independent variables, and SSE* the sum of squared errors when the dependent 
variable is regressed on X kl+ 1, ••• , Xk. A test of H0 against the alternative 
H1: At least one pi -:t; 0 (i = 1, 2, ... , k,) 
at significance level a is based on the decision rule 
Reject H0 if (SSE* - SSE)/ K1 
SSE /(n-K-1) 
>FKI,n-K-1,a 
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FOOTNOTES 
1. Abegglen, James C. Sea Change New York: The Free Press. 1994. page 13-14. 
2. Abegglen, James C. Sea Change New York: The Free Press. 1994. page 7-8. 
3. Abegglen, James C. Sea Change New York: The Free Press. 1994. page 17-18. 
4. Harrod-Domar Growth Model is a model of economic growth, advanced by economists 
Roy Harrod and Evsey Domar, that maintains that under certain conditions, additions to 
productive capacity through new investment would be absorbed by the additional income 
similarly generated by the same investment. These conditions include substantial 
advances in technology and a fairly constant capital-output ratio or capital coefficient (the 
ratio of net investment to total output). 
5. Malthus, Thomas Robert (1766-1834) was a leading classical economist who played a 
major part in founding modem demography. After Cambridge, where he was a student 
and fellow of Jesus College from 1784 to 1805, for the rest of his career he was professor 
of modem history and political economy at Haileybury College, Hertfordshire, training 
clerks for the East India Company. The optimism of William Godwin's Enquiry 
Concerning Political Justice (1793) prompted him to write An Essay on the Principle of 
Population (1798) which asserted that population grows in a geometrical progression but 
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that the means of subsistence increases in only an arithmetic progression. Unless 
population growth is subject to preventive check (e.g. birth control) or a positive check 
(war, famine, pestilence) there will be misery and vice. In subsequent editions he 
included more analysis of population statistics and another check (moral restraint). 
Despite contemporary criticism, it became a pillar of the Ricardian system. Later, 
socialists and other critics attacked such pessimistic predictions for ignoring the 
beneficial effects of technical progress. Nevertheless Malthus's Essay was a major 
theoretical inspiration to Charles Darwin when he was formulating the theory of 
evolution. Malthus's Principles of Political Economy (1820) provided a fuller analysis of 
value and price theory than Ricardo and discussed the problem of a deficiency in effectual 
demand, causing Keynes to rank Malthus as one of his major predecessors as a 
macroeconomic theorist. 
-Keynes, John Maynard (1883-1946), an English economist who has four mam 
contributions in the course of the history of economic thought: (1) a reformulation of 
contemporary monetary theory emphasizing the difference between a monetary economy 
and a barter economy, (2) the creation of an aggregative general equilibrium model of the 
economy which is simple, capable of manipulation and of empirical formulation, and, at 
the same time, is relevant to problems of economic policy, and from these (3) an 
explanation of why a competitive capitalist economy does not automatically maintain a 
level of full employment, and ( 4) thereby stimulation a ·revolution in the orthodox 
thoughts on the role of government in such an economy. The policy problem which 
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occupied Keynes in the 1930s was that of mass unemployment.. This led him to focus his 
attention on what determined the level of output rather than the question of what 
determined the general price level, which was the major concern of contemporary 
economic theory. 
-Ricardo, David ( 1772-1823 ), an English economist who is best remembered for his 
theory of rent and his theory of comparative cost. He thought political economy should be 
'an inquiry into the laws which determine the division of the produce of industry amongst 
the classes who concur in its formation'. In the process of explaining this division he 
constructed a model which demonstrated that sooner or later growth would come to an 
end because of a scarcity of natural resources. At the heart of this model were the Law of 
Diminishing Returns and the differential fertility of agricultural land. Ricardo accepted a 
Malthusian view of population so that an unlimited supply of labor would be forthcoming 
at the subsistence wage. As the population increased more food had to be found to sustain 
it. Ricardo is remembered as much for his success in creating as 'engine of analysis' and 
for his method of procedure as for his substantive conclusions, for he was the first to use 
the technique of building simple analytical models on heroic assumptions for direct 
application to significant problems. 
6. The Limits to Growth: a report for the Club of Rome's project on the predicament of 
mankind, written by Meadows, Donella H. and others. New York: Universe Books. 
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7. Simon, Julian L. Theory of Population and Economic Growth. Oxford: Basil 
Blackwell. 1986. 
8. The interpretation for J37 is the expected growth rate of population when birth control 
policy is in effect, given the growth rate of number of doctors per 1,000 persons and the 
percentage of the total population that is urban. 
9. GNP growth rate= (GNP of current year - GNP of previous year)/GNP of previous 
year, domestic investment as the share of total GNP = domestive investment/total GNP, 
graduates of primary school as the percentage of total population = graduates of primary 
school/total population, net export growth rate= (net export of current year - net export 
of previous year)/net export of previous year, growth rate of government expenditure on 
infrastructure = (government expenditure on infrastructure of current year - government 
expenditure on infrastructure of previous year)/government expenditure on infrastructure 
of previous year, growth rate of the numbers of doctors per 1,000 person = (numbers of 
doctors per 1,000 person of current year - numbers of doctors per 1,000 person of 
previous year)/numbers of doctors per 1,000 person of previous year. 
10. The p-value, or probability value, is the smallest probability of making the type I 
error, which is rejecting a true hypothesis. 
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11. To check whether M and 1 together do not explain variations in total GNP growth 
rate, a restricted F-test may be used for this purpose (see Appendix B for details). 
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